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The Prevention of Sugar Deterioration*
B}^ Nicholas Kopeloff, C. J. Welcome and LiiiLiAN Kopeloff,
Bacteriologist, Assistant Chemist and Assistant Bacteriologist.
The phenomenon of sugar deterioration has been the subject
of considerable investigation which has been discussed in detail
in previous publications (6 and 7). Briefly summarizing these
results it may be stated that a comprehensive survey was made
of the molds occurring in cane sugars of all descriptions and a
• further study of their capacity to deteriorate sugar. It has been
shown that mold spores contain invertase in sufficient quantity
to cause deterioration ; and the influence of the number of mico-
organisms and concentration of medium have been studied in
detail. Finally it was possible to prepare a chart whereby the
keeping quality of sugar may be predicted. This is based on a
preliminary chemical and bacteriological analysis involving
polarization, moisture content, and a number of microorganisms
per gm. A study of the microorganisms in each stage of the
manufacturing process of sugar has shown that the ma^secuite
as it is dropped from the vacuum pan is sterile and that reinfec-
tion takes places from this point on, becoming especially heavy
at the centrifugal. Having determined the critical points of in-
fection, it was necessary to develop some method for its control
by the elimination of the causative organisms, thus preventing
the deterioration of sugar.
PART I.
THE PREVENTION OP SUGAR DETERIORATION BY
THE USE OF SUPERHEATED STEAM IN
CENTRIFUGALS.
Shorey*^ and others have suggested the use of superheated
steam in the centrifugals, but so far as we have been able to
ascertain no controlled experiments have been conducted to test
out the efficiency of such an agent. Unfortunately, it was not
possible to arrange for an equipment in our sugar house and
4mill wliieli would permit of such a study and it was tlianks to
Assistant Director W. G. Taggart, who devised an apparatus
to be used in the laboratory centrifugal, that the following ex-
periment was made possible.
The centrifugal used was an 11-inch, 1915 model, No. 2, made
by the International Instrument Company of Cambridge, Mass.
The basket had a diameter of 11 inches and a depth of 3^2
inches. A larger concave jacket 151^ inches in diameter and 6%
inches deep caught the molasses. The device used for super-
heated steam was simple in construction, consisting of a V2-i^^^
intake pipe with two arms (% inch diameter), one inside the
basket, stopping II/2 inches from the bottom, the other between
the basket and the trough. These were made of copper, sealed
off at the lower end, and had a slit in the side facing the surface
iof the sugar. The device was securely attached by means of
I screw^s to the outside trough. An autoclave was used as a source
for steam, the outlet pipe being connected by a nipple and thick
rubber tubing with a 10-inch superheater (or heating spiral such
as used with an Abbe refractometer), which in turn was con-
nected with rubber tubing to the device in the centrifugal
through a hole in the cover, the latter being kept closed during
the course of the experiment. Figure I is a diagrammatic illus-
tration of the apparatus used.
FIGURE I.
Diagram of Device for Using- Superheated Steam in the
Laboratory Centrifugal.
Legend:
a—Autoclave
b—Superheater
c—Intake pipe with arms for delivering steam on inside and outside
of basket,
d—Basket
e—Jacket.
Confectioners crystals, wMcli are large in size, were sterilized
and coated witli a blackstrap molasses wliicli was heavily inoc-
ulated with microorganisms, such as Aspergillus Sydowi Bainier,
Aspergillus niger, Penicillium expansum, B. vulgatiis, B. inega-
therium, B. mesenfericus. and all the bacterial colonies develop-
ing from 150 plates poured from Cuban raw sugar. A massecuite
of medium density was prepared and the centrifugal steamed
out after receiving a swabbing with alcohol containing carbolic'
acid.
The procedure was as follows : The autoclave was run up
to 22 lbs. pressure or a temperature of 263 °F. The massecuite
was heated to 10i°F. (40 °C.) for about ten minuter and poured
into the centrifugal basket until it formed a layer % of an inch
deep. The superheater was started with a Bunsen burner
(asbestos being used to protect the rubber tubing), to get it well
heated before the steam was added ; then the centrifugal was put
6in operation (attaining a maximum of 3,000 revolutions per
minute), and the steam turned on for three minutes.
Upon stopping the steam and centrifugal the temperature of
the sugar was 155°F. (68°C.). Naturally, the sugar cooled very
rapidly and doubtless the heat attained while the superheated
steam was being applied was considerably in excess of this figure.
The sugar was washed as white, if not whiter, than with a jet
(of water such as ordinarily used. Samples of the sugar and the
molasses coming from it were taken in sterile containers for
bacteriological analysis.
The same procedure was repeated with a li/2-inch layer of
'massecuite previously heated to 136°F. (58° C.) for about five
minutes and about 122°F. (50° C.) for ten minutes more. In
this case the steam treatment was interrupted, due to a bend in
the tubing which blew off one of the connections. At the end
of the treatment the temperature of the sugar was 158°F. (70° C.)
;
The samples taken above were plated out in three dilutions
\pii Kopeloff 's agar*^, incubated at 30° C, and read after three and
^even days. The data are presented in Table I, in which are
;recorded the closely agreeing averages of quadruplicate determi-
nations of each of the three dilutions.
TABLE 1.
The Effect of Superheated Steam in the Centrifugal on the Number
of Microorganisms in Sugar.
TREATMENT
Bacteria Holds Fer Cent Reductions
per per
gm. gm. Bacteria Molds
Untreated, 40°C 1,500,000 550
Steamed 8,000 10 99.47 98.28
Molasses — 235,000 275 84.34 50.00
Untreated, 58°C 200,000 no
Steamed* 14,000 10 93.00 90.91
*Steam treatment interrupted.
It will readily be seen that in the first instance the untreated
massecuite had 1,500,000 bacteria and 550 molds per gm., while
the treatment with superheated steam resulted in reducing the
content to 8,000 bacteria and 10 moulds per gm., which is a dimi-
nution of 99.47 per cent of the bacteria and 98.28 per cent of the
molds respectively.
This means an efficiency in the decimation of the micro-
7organisms that is remarkable and the significance of which will
be discussed in detail presently.
The molasses from this sugar had 235,000 bacteria and 275
molds per gm., a reduction in 84.34 per cent of the bacteria and
50 per cent of the molds.
This is again proof of the sterilizing effect of superheated
steam, since it may be inferred that the heat attained for the
short time necessary to wash the molasses from the sugar was
sufficient to kill more than three-fourths of the bacteria and one
half the molds. Furthermore, this is of practical value from
the standpoint of the keeping quality of the molasses. We have
previously referred to unsanitary conditions undei which most
molasses is kept and that frequently we have observed tanks
literally covered with a mat of mold mycelium. It is logical
to suppose that where the original mass infection may be so
materially reduced, the keeping quality of such a product may
be greatly enhanced. Moreover, we have here an advantageous
substitute for wash water which is frequently of questionable
character and often responsible for a heavy inoculation with
microorganisms.
Moreover, these data indicate that by far the larger proportion
of microorganisms contained in the massecuite leave the centrif-
ugal in the wash. Therefore, when it is the practice to separate
*the molasses and the wash, a less contaminated molasses is pro-
cured which undoubtedly improves its keeping quality.
In this connection a digression may be permitted which may
be worthy of trial—namely, where molasses is not fermented
and it is desired to keep it for some time, we would suggest the
use of a thin layer of oil on the surface, which would prevent a
mass infection at that vulnerable point and which could be easily
removed. The oil in this way need not affect either the quality,
odor, or taste of the molasses. On the other hand, where mold
growth already covers the surface, it might be advisable to spray
with toluene, which is cheap enough to be economical, germicidal
enough to kill the molds, and volatile enough to be removed
within a few days by exposure to the air. Since the pressure of
time does not permit of the opportunity of developing these
suggestions in the sugar mill, they are merely advanced for what
they may be worth.
Returning to the latter half of Table I, it will be seen that
where the massecuite was heated to 122°F. (50°C.) the un-
treated sample contains only about one-eighth the number of
bacteria and one-fifth the number of molds present in the masse-
cuite heated to 104°F. (40°C.). This means that a partial
sterilization has already been effected. The treatment with super-
heated steam was interrupted and the final results show that 93
per cent of the bacteria and 91 per cent of the molds were elim-
inated. It was to be expected that these figures would be some-
what below those obtained in the first instance, since the partial
sterilization just referred to probably eliminated the least re-
sistant organisms and left a flora relatively more resistant than
the one originally present. The interruption of the steam treat-
ment must have been responsible for some loss in efficiency.
Finally, the difference may be ascribed to the fact that the layer
'of sugar in this instance was twice as thick as that used in the
first instance. It is to be expected that four important factors
fwould be operating in such an experiment—namely, (1) temper-
mature of steam, (2) duration of application, (3) thickness of
'ilayer of massecuite, (4) speed of centrifugal.
From the data set forth it is evident that the use of super-
heated steam under the conditions of the experiment was instru-
jnental in almost entirely eliminating the microorganisms present.
iThe important consideration being that this was accomplished
without increasing the moisture content of the sugar perceptibly,
'as in washing with water. As a matter of fact, under mill con-
ditions it might be anticipated that even better results might be
(Obtained where higher temperatures might be so readily available.
The procedure has the merits of (1) simplicity in construction
and operation; (2) economy in equipment, installation and oper-
ation; (3) efficiency under all conditions; (4) yielding a cleaner
wash.
In working out a chart for predicting the keeping quality of
sugar it was shown that two factors operated simultaneously
—
namely, moisture ratio and degree of infection^ It is obvious,
therefore, that such a striking reduction in mass infection can
be effected by the use of superheated steam in the centrifugals
that the keeping quality may be greatly enhanced, even where
the moisture is somewhat more than it should be. For example,
9a sugar having a moisture ratio of .08
will deteriorate when
10 000-100,000 mold spores per gm. are present. A reduction
of
98' per cent, however, bringing the content down to about 1,000
spores per gm. would make this sugar safe even though the
mois-
ture ratio increased to as much as .14-.16.
Thus it will be said that in the investigations on sugar deteri-
oration carried forward in this laboratory, the study of the
micro-
organisms and their activities, which made possible the prediction
of the keeping quality of sugars, has found its logical
completion
in the development of an adequate means for eliminating
the
microorganisms and consequently preventing sugar deterioration.
However, it must be emphasized again that the sugar must be
properly handled under sanitary conditions with a minimum
possibility of absorbing moisture in order to insure its safe-
keeping, since, under optimum conditions, the microorganisms
soon propagate rapidly enough to become detrimental.
SUMMARY.
1. A method has been developed for employing superheated
steam in laboratory centrifugals.
2. By means of this treatment the bacterial content of sugar has
been reduced 93-99.5 per cent, and the number of mold spores
has been reduced 92-98 per cent. The microorganisms in mo-
lasses are reduced similarly to a lower extent.
3. This elimination of microorganisms improves the keeping
quality of the sugar as well as the molasses.
4. The practice of separating molasses and wash results, with
superheated steam treatment in a considerable reduction of
microorganisms in molasses, which improves its keeping qual-
ity.
5. The method is simple, economical and efficient.
PART II.
THE DETERIORATION OF CUBAN RAW
SUGARS IN STORAGE.
Ordinarily few precautions are observed in attempting to
safeguard against the deterioration of sugar. The more pro-
gressive sugar factors are aware of the importance of the moisture
ratio in sugars and attempt to reduce this to as low a point as is
consistent with sugar house practice. As has been pointed out,
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this is oue of the two primary factors which must be considered.
However, there has been little regard for the other factor of equal
importance which must be considered simultaneously—namely,
the degree of infection. To emphasize the practical aspect of this
conception, the following experiment was undertaken.
Many investigators have advanced evidence which proves that
the loss in sucrose content which manufactured sugar undergoes
on storage is due in a large measure to microbiological activities.
"While much valuable data may be found giving the analyses of
sugars which have undergone deterioration, or those artificially
inoculated for that purpose, there has not come to our notice
any study based on the concomitant bacteriological and chemical
analyses of sugar when stored under normal conditions and
which might be regarded as representative of large quantities
of similarly stored sugar.
Two 320-pound bags of each of three different "marks" of
Cuban raw sugar representing an aggregate of approximately
5,586 tons of sugar were analyzed chemically and bacteriologically
at the beginning of the storage period, and again in an identical
manner at the end of one and five and one-half months respect-
ively. Each bag was sampled as follows : A ''long" trier was
run in three places through the middle for the entire length of
the bag. Two samples were drawn from each hole, and then all
mixed thoroughly on a sterile glazed paper, the composite being
taken as representative of the contents of the middle of the bag.
The usual precautions in bacteriological technique against con-
tamination of trier, mixing, etc., were observed by the use of
alcohol. The bag was then skinned in two places—that is, the
sugar at the surface, just inside the bag, was taken. Three
samples were taken from each of these two holes, and after being
thoroughly mixed, as indicated above, were considered repre-
sentative of the surface contents of the bag. All the holes thus
made were immediately sewn up, except the hole always made
by the official sampler with a short trier. These samples were
analyzed chemically at once and a portion collected for bacteri-
ological analysis in sterile containers. These were plated on
Kopeloff's agar^ in three dilutions. The averages given in the
succeeding tables represent triplicate determinations of each
dilution.
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The bags were piled in two rows of three each (the
lowest
ones resting on the floor j and two burlap sacks thrown over^the
sides to approximate as normal storage conditions as
possible.
Analyses were made at the end of one, four and one-quarter and
five and one-half months respectively.
A second series of bags were similarly obtained and analyzed
the same way. These bags, however, represented only two
marks,
but were triplicate bags, one mark being taken from the top of
the vessel where the bags had been heated, the other mark taken
from the bottom of the vessel, two bags having been '-'stained"
and another not "'stained."
The chemical and bacteriological analyses of all samples are
presented in Table 2 and summarized in Tables 5 and 6 ; Table 3
12
TABLE 2.
Chemical and Bacteriological Analyses of Cuban Raw Sugars in Storage.
'•'iNegiigiDie amount
Mid.—Middle.
Sur.—Surface.
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TABLE 3.
Temperature and Relative Humidities at New Orleans, La.
May to October, 1919.
1
1
Relative Temperature °F
Mean
JvlUJN 1 rl !iuxnidity MinimumMaximum
75 85.04 64.00 74.52
77 88.00 69.00 78.10
77 91.03 71.80 81.40
79 91.50 72.90 82.22
. 67 88.10 68.10 78.10
76 90.00 67.00 88.50
75 88.90 68.60 80.47
TABLE 4
Differences Between Successive Samplings.
Name\ Description
1
Part 1 Date Pol. Moist
.
R. S. F. S.
[
Mic. Molds
B Light Middle
1
6/10
10/21
+
+
+
+
+
4-
Surf. 6/10
10/21 +
+
+
4-
4- 4-
iVilUU-lC 6/10
10/21
(+)(—
)
+
+ (—
)
(+)
4-
4-
Surf. 6/10
10/21
+ ,
+ + +
4-
4-
M Wet Middle 6/10
10/21 +
+
+ 4-
Surf. 6/10
10/21
+ +
+
+
4- 4-
At Middle 6/10
10/21 +
+
+ + 4-
Surf. 6/10
10/21
—
—
+
+
+
+
U Wet Middle 6/10
10/21
-
!
+
+
+ +
4-
4-
Surf. 6/10
10/21 + + +
4-
4-
Av Middle 6/10
10/21 +
+
+
4-
4-
Surf. 6/10
10/21
+
+
+
+ +
G Heated Middle
Surf.
Middle
Surf.
Middle
Surf.
10/21
10/21
10/21
10/21
10/21
10/21
+
+
+
+
+
+
! +
1 +
+
+
+
+
+
4-
4-
4-
4-
4-
4-
C Heated
Moist
Middle
Surf.
Middle
Surf.
Middle
Surf.
Middle
Surf.
1
10/21
10/21
10/21
10/21
10/21
10/21
10/21
10/21
1
~
(—
)
+
+
+
+
+
+
+
+
+
+
+
+
+
4-
+
1
+
+
+
+
+
+
4-
4-
4-
4-
4-
4-
4-
+
Increase over previous sampling.
— No increase over previous sampling.
( ) Questionable.
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gives the conditions of humidity and temperature which obtained
through this incubation period.
Certain important generalizations may be deduced from the
above data
;
among them is the fact that there is a loss in polar-
ization in all samples under consideration in the present experi-
ment held for five and one-half months. There is also a loss in
polarization in practically all samples held one month or longer
and again in moisture content. The loss in polarization in each
instance has generally been accompanied by a gain in reducing
sugars, indicating that the loss is due to true inversion due to
microbiological agencies. It will be remembered that Browne-
has pointed out that "The average Cuban sugar of 96 per cent
sucrose would deteriorate if stored in New York for one year to
95 and if stored in Cuba to 94 per cent sucrose," which, calcu-
lated at 1916 prices, would amount to $1,150,929.
This large figure would have to be increased at current prices
and production. From the foregoing tables it will be,seen in one
case that there has been a loss of 9.3 per cent, while there are
three instances of a loss of more than 8.0 per cent. The economic
importance of such data is too obvious to require amplification.
The total numbers of microorganisms responsible for this de-
terioration must needs vary considerably because of the difficul-
ties in such an experiment of controlling the many variable
factors which might have an influence on the microorganisms.
However, it may be observed that in all bags heated in the top
of the vessel during transit, or held in the bottom of the vessel,
there was a decided increase in the number of microorganisms.
As a rule, the per cent of molds increased during the longer
storage period, but often did not do so in one month. In gen-
eral, there were more microorganisms in the middle than at the
surface of the bag, as might readily be expected, since the micro-
organisms at the periphery were more subject to a drying-out
process. A correlation between numbers of microorganisms and
deterioration was discernible where there was a heavy initial
infection or a noteworthy rapid increase in the number of micro-
organisms. The factor of safety or moisture ratio, which is
Moisture
calculated by the formula M.R.=100—Polarization, is in most
instances over .35, in six of the instances .30 or more, in four of
15
the instances over .27, and in the remaining four instances .22
or
over. From the evidence advanced by other investigators
the
general concensus of opinion seems to place the limit for
the
factory of safety at about .30. From the standpoint of mold
infection it was found that even sugar with a lower factor of
safety was unsafe, when sufficiently infected, and this would like-
wise seem to be the case where other microorganisms were con-
cerned, as in the above instances, which represent about one-third
of the samples under observation.
From the work done with molds it was concluded that with
moisture ratios over .20, only 100 mold spores per gm. were
sufficient to cause deterioration. Since bacteria are, as a rule,
somewhat smaller than mold spores it might be expected that a
somewhat larger number of bacteria would be required to produce
the same degree of deterioration. Therefore if there were
more than 100 bacteria at moisture ratios or factors of safety
greater than .20, deterioration might be expected. That such is
actually the case may be seen from Table 5. For here we find
9S
6S
3S
3
4
1
7S
6
4S
11
7
8
9
5S
lis
12
is
lOS
5
12S
2S
10
8S
2
TABLE 5.
Summary Showing Magnitude of Deterioration.
Wet. .
Wet . .
Av. . .
Light
.
Wet. .
St
Unst.
.
Light
St. . .
.
V*^et. ,
Unst.
Dark.
St. . . .
re
&5 a
d
teriorati
dieted
m
F.
S.
pi c 5- Soc t!^
Par Gai Los ,i; 2i pQ ail
Surf. 5.28 8.4 .26 190
Surf. 4.94 7.0 .36 1,010 +
Surf. 4.91 8.9 .36 4,305 +
Mid. 4.01 9.3 .26 77,000
Mid. 3.74 7.7 .27 38,035
Mid. 3.57 8.4 .38 550
Surf. 3.54 6.5 .28 80,0 0
Mid. 3.49 4.9 .40 508 +
Surf. 2.96 5.6 .30 4,018 +
Mid. 2.92 6.0 .30 80 +
Mid. 1.97 2.3 .42 135 +
Mid. 1.95 2.7 .46 285 +
Mid. 1.86 3.5 .35 90 +
Surf. 1.49 5.3 .35 251 +
Surf. 1.46 3.0 .23 550
Mid. 1.30 2.6 .28 5,000
Surf. 0.89 2.8 .49 463 +
Surf. 0.86 0.4 .29 75,000
Mid. 0.84 0.8 .36 1,547 +
Surf. 0.83 2.6
i
.22 40,000
Surf. 0.35 1.0 .32 1 1,034 +
Mid. 0.27 0.3 .32 2,250 +
1 Mid. 0.21 1.4 .30 170 +
j
Mid. .30 430 +
1
•2 l^^Zo
that deterioration occurs with factors of safety from .22 to .29,
and the microorganisms responsible vary in number from 190 to
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80,000 per gm. It is especially significant that the five largest
numbers of microorganisms caused deterioration at factors of
safety below .30. Browne^ has shown that the explanation for
this phenomenon is that the factor of safety becomes lower and
consequently unreliable where deterioration is already in prog-
ress. This leads to an important commercial application
—
namely, next to eliminating deterioration, it is of importance to
predict the keeping quality of a sugar. It has been worked out
empirically and scientifically that deterioration may be predicted
at .26 in sugars with a factor of safety greater than .30, and this
is used as the basis for the next to last column of Table 5. In
the final column, however, is included a prediction of deterioration
based not on the factor of safety (for this is below .30), but on
the number of microorganisms per gm., i. e., with factors of
safety above .20, upwards of 100 microorganisms per gm. would
be expected to cause deterioration. While it is not possible to
predict deterioration from the total number of microorganisms
as confidently as in the case of mold infection, nevertheless the
parallel seems very striking and further experiments now in
progress will form the basis for verification.
TABLE 6.
Sugars Ranked According to Deterioration.
Order Name
Most
Deterioration
by bag
Most
Deterioration
in bag
Least
Deterioration
by bag
Least
Deterioration
in bag
1 M Wet Surface Average Middle
2 G Surface Middle
3 U Average Surface Wet Surface
4 B Light Middle Dark Surface
C Stained Surface ]
\ Middle /
Unstained [ Middle \
\ Surface /
In Table 6 the sugars under investigation have been ranked
in order of greatest deterioration. This ranking was arrived at
by evaluation from the complete list in Table 5 and making the
proper averages. In this way it is possible to tell at a glance that
the greatest deterioration occurred in the M sugar, followed in
order by Gr, U, B, and C. Similarly it is evident which of the
duplicate bags (according to description) showed the most dete-
rioration, and filially which part of that bag deteriorated to the
greatest extent. Because of the variety of sugars under consid-
eration and the variation in composition, it is difficult to make
17
man3/ generalizations. However, it is interesting to note that
the sugar which did not have a particularly high factor of safety
and which deteriorated to the greatest extent contained the
largest number of microorganisms per gm. (as raay be seen frorn
Table 5). A similar phenomenon is to be noted in the C sugar.
On the other hand, G, which was next in order of deterioration,
had a comparatively high factor of safety and rathei small num-
ber of microorganisms per gm. This would indicate again that
deterioration is a resultant of these two variable factors. This
fact to be observed in the G sugar is repeated in the case of the
U and B sugars, which have relatively high factors of safety
and not very high counts of microorganisms.
Considering the bag of each mark which showed the greatest
deterioration, it is evident that those described as wet, stained,
and jight showed the greatest deterioration, as might be expected.
The exception seems to be the IT ^'average," which actually
had a higher factor of safety than the so-called "wet" bag, and
consequently might be expected to show greater deterioration, as
was the case. When attention is turned to the part of each bag
showing greatest deterioration, it is found that in general that in
the bags of each mark which had deteriorated to the greatest
extent the surface shows most deterioration, while in the bags
which have deteriorated least the middle of the bag seems to
have been most affected. These results, as well as the fact that
the factor of safety was found to decrease in every sample ex-
amined at the end of the incubation period, would appear to
corroborate the very interesting report on deterioration of sugar
*in storage by Blake^ as well as the investigations of Browne^,
Owen^, and others already referred to.
In general it was found that the deterioration was proportion-
ally greater over the longer incubation period than at the end of
one month, and this despite the fact that the total number of
microorganisms per gm. increased disproportionately the first
month. In fact, it would appear that rapid deterioration followed
a rapid increase in the number of microorganisms.
The foregoing investigation, which is concerned with the
chemical and bacteriological analyses of Cuban raw sugars under
normal conditions of storage, has served to bring out rather
clearly the intimate correlation between the composition of a
18
sugar and its microbiological content as influencing deterioration.
In this way it becomes possible to modify the so-called "factor
of safety rule ' ' from the standpoint of microbiological infection
and arrive at a satisfactory basis for predicting the keeping
quality of sugar.
I
SUMMARY.
1. From the results indicated below a correlation between the
\ number of microorganisms and the moisture ratio is indicated
which appears to make it possible to predict the keeping qual-
ity of a sugar by a preliminary bacteriological and chemical
analysis.
Q. Cuban raw sugars (with moisture ratios varying from .22 to
.49) were stored under normal conditions in a large ware-
house for five and one-half months and analyzed chemically
and bacteriologically. There was a loss in polarization at the
end of this period, as well as at the end of one month, which
was generally accompanied by a gain in reducing sugars.
Likewise, a gain in moisture content and reduction in the
factor of safety was noted.
13. There was a decided increase in total number of microorgan-
isms after one month, which could be correlated within certain
limitations with deterioration. Where there was a large
initial infection, deterioration was rapid. In general, there
were more microorganisms in the middle of the bag than at
the surface. The per cent of molds increased over the longer
incubation period, but often failed to increase in one month.
4. Bags designated as wet, stained, or having sugar light in
color deteriorated more rapidly than when drier, unstained,
or dark in color. In bags of sugar which are deteriorating
rapidly the surface deterioration is greatest, while in less
rapid deterioration the middle of the bag seems to undergo
greater decomposition.
5. Deterioration was found to be proportionately greater over a
longer incubation period than in one month.
PART III
FURTHER STUDIES IN THE DETERIORATION OF A
VARIETY OF SUGARS IN STORAOE.
In a study of the deterioration of Cuban raw sugars stored
under normal conditions during the summer of 1919 certain
19
conclusions were indicated concerning the correlation between
chemical and bacteriological analysis, with special reference to
losses in sucrose content*. It was shown that the keeping quality
of a sugar depends not only upon the moisture ratio but likewise
upon the content of microorganisms, and that any prediction
concerning deterioration involves a concomitant consideration of
these two factors^ In the present investigation of sugars stored
in 1920 the technique and procedure were identical with those
previously employed, and which have been described elsewhere
;
the only difference being that in 1920 the position of the bags
in any single pile was reversed after four weeks' incubation to
obtain uniformity of environment, and the bags were placed on
scantling one foot from the floor and protected by a covering of
a single layer of sacks.
It was especially designed to have under observation as large
a variety of sugars as possible, and from the succeeding data it
will be seen that all extremes in polarization, moisture, and
number of microorganisms are to be found. This is not only true
of the different marks chosen but more significantly of the bags
of each mark. As a rule, three bags which varied sufficiently to
be considered representative of the mark were chosen, and in
some instances, where the variations in a lot were unusual, six
bags were taken. It may be mentioned parenthetically that it
was planned to sample the bags monthly for six months, but
owing to the postponed arrival of sugar it was necessary to delay
the initial sampling and thus curtail the number of analyses.
In the succeeding tables the names of the marks have been ab-
breviated to symbols since there has been no intention of sub-
jecting any of the sugars to criticism. All of the sugars came
from Cuba with the exception of two marks—M and Ag, from
Porto Rico. Seven of the ten marks represent sugars transported
by vessel, the remainder having come by railroad via Key "West
—
namely, Am, 0, and Pil. The following number of bags of each
mark were received, from which the bags under observation were
chosen: F, 2,303; Port, 4,694; Cun, 17,000; Agr, 13,500; Cab,
10,000; Am, 2,831; 0, 1,406; Pil, 4,060; M, 11,300; Ag, 5,000—
totaling 23,070,080 pounds of sugar.
*Kopeloff, N., and Perkins, H. Z. E., Jour. Ind. Eng. Chem., V. 12.
No. 6 (1920), pp. 555-558.
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In Table 7 are presented the chemical and bacteriological
analyses of the sugars under normal storage. The moisture ratio
or factor of safety ha^ been calculated according to the
formula
Moisture
]yi;j^ _.100—polarization, a detailed discussion of which may be
found in previous publications (6 and 7). The heading, molds
per cent, refers to the per cent of molds based on the total
number
of microorganisms per gm., as shown in the preceding column.
From the data at hand it will be seen that the sugars vary in
initial polarization from 92.0 to 98.2; in moisture, from .75 to
2.90 ; in per cent reducing sugars, from 0.52 to 1.83 ; in a^h, from
0.28 to 1.02 ; in moisture ratio, from .18 to .50 ; in number of
microorganisms per gm., from 67 to 134,000; and in per cent
molds, from 0 to 94. It is apparent that certain generalizations
may be drawn from Table 7—namely, that there is a reduction
in polarization in practically a:ll sugars during storage, a fact
already established. Furthermore, it is apparent that a decrease
in polarization is generally accompanied by an increase in re-
ducing sugars. As might be anticipated, when deterioration sets
in during the first four weeks of incubation, it continues through
the second four weeks, although it would be difficult to state
whether the deterioration is more active in the second period of
four weeks than the first. While it is not to be expected that the
number of microorganisms present can be correlated with polar-
ization, nevertheless, in general, the greatest number of micro-
organisms occurs where the moisture ratio is highest, and as a
corollary we have observed that the lighter colored sugars, having
the highest moisture ratio, deteriorate most rapidly.
TABLE 8.
Temperature and Relative Humidities at New Orleans, La.,
March, April and May, 1920.
Month
March
April.
.
May. .
Relative
Humidity
Temperature "F
75
Maximum Minimum
27
39
57
Mean
59.40
65.85
75.75
28
TABLE 9.
Differences Between Successive Samplings of Sugars in Normal Storage
Mark
Port
Cun
No. 1 Part of
Bag
Mid.
Surf.
*cp
Cun
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
cp
cp
cp
cp
cp
cp
cp
cp
cp
Date
I
Pol.
I
Moist. I R. S. I M. R
4/15
5/13
3/18
4/15
5/13
3/18
cp
cp
cp
cp
cp
4/15
5/13
3/18
4/15
5/13
3/18
4/15
5/13
3/18
4/15
5/13
3/18
4/15
5/13
3/18
4/15
5/13
3/18
4/15
5/13
3/18
4/15
5/13
3/18
4/15
5/13
3/18
4/15
5/13
3/18
4/19
5/17
3/22
4/19
5/17
3/22
4/19
5/17
3/22
4/19
5/17
3/22
4/19
5/17
3/22
4/19
5/17
3/22
4/19 I
5/17
I
3/22
4/19
5/17
3/22
4/19
5/17
3/22
4/19
5/17
3/22
1 % %
+
— + +
— + +
— + +
+ —
+ — _
+ 1
- + +
+
+ +
+
+
+ +
+
+ +
+ +
+ +
+
Mic. Molds
-
I
+
+
+
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TABLE 9.—Continued
Differences Between Successive Samplings of Sugars in Normal Storage
Mark No. Part of Date Pol. Moist
.
1
R. S.
1
I
M.R
1
1
Mic.
1
Molds.
Bag % % 1
Cun. 6 Mid. 4/19
5/17
—
—
+
+
+
+
+
*
+
+
+
*
CP 3/22 - + + + + +
Surf. 4/19 + +
5/17 + - +
cp 3/22 — + — + +
1 Mid. 4/27 1
5/21
1
-
1
+
+
—
+
+ +
+
+
cp 3/30 - + + + +
Surf. + + +
5/21
1
_ +
cp 3/.0 — + — — +
*
2 Mid. 4/27 — + + +
5/21 — — + — + +
cp 3/30 - + + + +
Surf. +
* +
5/21 + - -
CP 3/30 — — —
— —
*
3 Mid. 4/27 — + —
* + +
5/21 — — + + — +
cp 3/30 - — + + +
Surf. A 127 + +
5/21 + + * + +
cp 3/30 * — + — +
Cab 1 Mid. 4/27 — + + + +
5-21 + + — + + +
cp 3/30 + + — + +
Surf. A/97 * + +
5/21 + - - + +
cp 3/30 + — — + +
2 Mid. 4/27 + — + —
5/21 + + — + +
*
cp 3/30 + + + 4-
Surf. A /97
* + +
5/21 — + + +
CP 3/30 — + * + +
3 Mid. 4/27 + + — +
*
5/21 + — — * —
*
cp 3/30 + — — +
Surf. + +
5/21 + - + *
cp 3/30 + — — — +
Am. 1 Mid. 4/29 — — +
+
— + *
5/24 — — — —
cp 4/1 - + +
Surf. A lOQ T -f- +
5 24 _ + +
*
cp 4/1 — + + + —
—
2 Mid. 4/29 — — + — +
5/24 — + + + —
cp 4/1 - + + +
Surf. +
5/24 + + -
cp 4/1 — + + — +
3 Mid. 4/29 — — + — +
5/24 — + + * —
cp 4/1 — — + —
Surf. 4/29 + +
5/24 + + *
cp 4/1 + + *
4 Mid. 4/29 +
*
5/24 + + +
cp 4/1 + +
Surf. 4/29 + + *
1
5/24 + +
1 1
cp 1 4/1 +
30
TABLE 9.—Continued
Differences Between Successive Samplings of Sugars in Normal Storage
Mark
Am.
Pil.
M
No. Part of
Mid.
Surf.
Mid
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
Mid.
Surf.
cp
cp
cp
Mid.
Surf.
cp
cp
cp
cp
cp
cp
cp
cp
Date Pol.
I
Moist
.
4/29
5/24
4/1
4/29
5/24
I
4/1
4/29
5/24
4/1
4/29
5/24
4/1
5/3
5/26
4/5
5/3
5/26
4/5
5/3
5/26
4/5
5/3
5/26
4/5
5/3
5/26
4/5
5/3
5/26
4/5
5/3
I
5/26 I
4/5
5/3
5/26
4/5
5/3
5/26
4/5
5/3
5/26
4/5
5/3
5/26
1
4/5 I
5/3
I
5/26 I
4/5
5/3
5/26
4/5
5/3
5/26
4/5
5/3
5/26
4/5
5/3
5/26
4/5
5/3
5/26
4/5
5/3
5/26
4/5
R. S.
I M. R.
%
Mic. Molds!
31
TABLE 9.—Continued
Differences Between Successive Samplings of Sugars in Normal Storage
II Mark No. Part ofBag
Date Pol. Moist.
%
R. S.
%
M.R. Mic. Molds.
Act Mid.
cp
Surf.
cp
5/3
5/26
4/5
5/3
5/26
4/5
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
*
+
+
+
*
2 Mid.
cp
Surf.
cp
5/3
5/26
4/5
5/3
5/26
4/5
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
*
+
+
3 Mid.
cp
Surf.
CP
5/3
5/26
4/5
5/3
5/26
4/5
*
+
+
+
+
+
+
+
+
+
+
*
+
+
+
+
+
+
+
+
+
+
+
*No change.
+Increase.
—Decrease.
, ^ .
**Cp.—Third samoling compared with first.
The temperature and relative humidity in New Orleans dur-
ing the months of storage of these sugars is given in Table 8. It
may be said that in 1920 these were somewhat lower than the
average.
In Table 9 is graphically represented the differences between
successive samplings, together with a comparison between the
last sampling and the first. There is a fairly close agreement to
be found between the results for bags of one mark; therefore,
these bags have been summarized in Table 10.
32
TABLE 10.
Summary of Differences Between Successive Samplings.
(Average of Bags of same Mark.)
Mark
1
No.
1
Part of
Bag 1
Date
i
1' Pol.
1
1
1 Moist
%
R. S.
%
1
j
M. R. Mic. Molds
F 1-3
t
1
Mid.
Surf.
^
cp
1
i'
4/15
5/13
3/18
4/15
5/13
3/18
1
1
_
1 _
-f
+
+
+
+
-f-
-f-
1
1
1
—
*
+
1
-f-
+
+
+
*
*
*
Port 1-3 Mid.
cp
Surf.
cp
4/15
1
5/13
3/18
4/15
5/13
3/18
1
--
1
*
1 +
-1-
4-
+
+
+
-t-
+
+
+
+
+ *
Cun 1-6 Mid.
cp
1
Surf.
cp
4/9
! /17
3/22
! 4/9
5/17
3/22
4/27
5/21
3/30
4/27
5/21
3/30
_L
+
+
+
+
+
*
+
+
+
+
*
+
+
+
+
+
+
*
*
Agr 1-3 Mid.
cp
Surf.
cp
+
+
-1-
*
+
+
*
*
+
*
+
+
+
+
-f-
+
+
-f
*
Cab 1-3 Mid.
cp
Surf.
cp
4/27
5/21
3/30
4/27
5/21
3/30
*
+
+
+
*
-1-
-f-
-f-
+
+
-
+
+
+
*
+
*
-J-
-1-
-t-
+
+
+
*
*
Am 1-6 Mid.
cp
Surf.
4/29
5/24
4/1
4/29
5/24
4/1
_
-
-
+
*
+
*
*
-|-
4-
+
+
+
+
*
+
+
*
*
+
O 1-3
1
Mid.
cp
Surf.
cp
5/3
5/26
4/5
5/3
5/26
4/5
+
+
+
-
4-
-f-
+
*
+
+
+
*
*
+
*
+
+
+
+
+
*
*
Pil 1-3 Mid.
cp
Surf.
cp
5/3
5/26
4/5
5/3
5/26
4/5
+
+
+
+
-1-
+
*
+
+
+
+
*
*
*
*
M 1-3 Mid.
cp
Surf.
- cp
5/3
5/26
4/5
5/3
5/26
4/5
+
+
+
-1-
+
+
-f-
+
+
+
+
+
-f
+
+
*
*
+
+
*
Ag. 1-3 Mid.
cp
Surf.
cp
5/3
5/26
4/5
5/3
5/26
4/5
+
+
-1-
+
-t-
+
+
+
+
+
+
+ 1
+
+
+
+
+
*
-1-
cp—Compared with.
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It will be seen that in practically all instances there has been
a rednction in polarization between snccessive samplings. With
regard to moisture content, however, there appears, on the con-
trary, to be an increase in a majority of instances. It is interest-
ing in this connection to note that (with the exception of the
Cab sugars) an increase in polarization is accompanied by a de-
crease in moisture content. Naturally, this means that there
^has actually been a loss (in weight) of sugar. Furthermore, it
will be seen that the surface of each bag decreased in moisture
content, or dried out, as might be expected, much more rapidly
than the middle of the same bag. In the sugars which have dete-
riorated it will be observed that there has been an increase in per
cent reducing sugars in successive samplings. However, as a rule,
this increase is more noticeable in the middle of the bag than at
the surface, where the deterioration does continue to progress at
the initial rate. Th'e conditions of temperature and humidity
were such as to preclude the possibility of deterioration taking
place more rapidly from the surface of the bag than the interior
of the bag, as occurs under average conditions which were noted
in the previous experiment. The moisture ratio was variable and
does not permit of any generalization.
In considering the number of microorganisms it will be seen
that in most instances there was an increase between successive
samplings. In general, it was found in corroboration of the re-
sults previously set forth that the increase in numbers of micro-
organisms was relatively more rapid during the first month of
incubation than subsequently. Likewise, it is to be noted that
there is usually a greater number of microorganisms in the
middle of the bag than at the surface, where drying out occurs.
It will be shown in Table 11, which is again corroborative of pre-
vious work, that there is correlation l^^tween the number of micro-
organisms and deterioration where the initial content is high or
multiplication has been rapid. The per cent of molds is quite
variable, and a tendency to decrease in the surface is to be noted
during the first four weeks of incubation. It is evident, there-
fore, that these results agree very closely with those previous^
obtained and this is of added significance when it is remembered
that the range in variety of sugars is considerably greater.
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TABLE 11.
Summary Showing Correlation Between Deterioration
and Number of Microorjianisms.
No.il
Part of Loss Gain No.
Mark
|
:
Bag Sampling S. P. R. S. Microorganisms
Present
Am. 1 Mid. 3rd 2.5 2.30
_
120.000
Surf. 3rd 3.5 1.93 4.900
Surf orQ o . U 1 . 63 ZO.OOO
Mid! 3rd 3.2 1.58 100,000
Am. 5 Mid. 3rd 2.0 1.60 115,000
Am. 3 Mid. 3rd 2.3 1.38 50,000
Am. 3 Surf. 3rd 1.8 1.38 4,000
Am. 3 Mid. 3rd 1.0 1.31 65,000
F. 1 Mid. 3rd 1.8 1.30 1,650,000
Am. 5 Mid. 2nd 1.6 1 .23 70,000
Am. 6 Mid. 3rd 1.2 1.22 120,000
Am. 1 Mid. 2nd 1.2 1.10 4,000
M. 3 Mid. 3rd 1.1 1.05 100,000
Am. 3 Mid. 2nd 0.5 1.02 30,000
Table 11 consists of a summary arranged in such a manner as
to bring out clearly the correlation between the number of micro-
organisms and deterioration. The order of bags is based upon
the increase in reducing sugars, since that represents the best
criterion for determining deterioration. In addition, it will be
noted that the loss in polarization is proportional to the gain in
reducing sugars. Still more significant, however, is the fact that
deterioration occurs in the presence of the maximum numbers of
microorganisms. It may be mentioned that the number of micro-
organisms set down opposite any figure for gain in reducing
sugars is the number occurring at the previous sampling, since
that number was responsible for the deterioration found at the
time of analysis. With three exceptions the greatest deterioration
is to be found when there are more than 20,000 microorganisms
per gm. and the average for the deterioration represented by
an increase of more than 1 per cent of reducing sugars is 174,000
per gm. It is interesting to compare Table 11 with Table 12,
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T-AJBLE 12.
Summarv Showing Maximum Numbers of Microorganisms
Where No Deterioration Occurs.
Mark Xo. Par- c; Bac Nc. of
P. 1 Middle
Surface
'
6.000
7.000
P. 2
' Middle 6.000
Surface 8.000
P. 3 Middle 2.100
Surface 22.000
1 IMidrle 8.000
Surface 1.100
C 3 :Middle 5,000
Surface 14,000
c. 6
Surface
22 000
ilooo
Agr.
Agr.
1 I>Iiddle 3,100
3 Middle
Surface
1,800
300
Cab 2 Middle 2.000
Surface 500
Cab 3 Surface 110.000
M. 3 ?.Iiddle 1,050
Surface 370
Ag.
Ag.
1
2
Surface 2.600
4.5CK)
Pil. 1 24 5C0
whicli is a summary showing tlie maximum numLers of micro-
organisms where no deterioration has occurred. It will be seen
at a glance that in only five instances has this number exceeded
8,000 per gm. : the average being about 11.000 .unduly weighted
because of the Cab sugar, which was especially heavily infected )
.
Thus a comparison between Table 5 and Table 6 reveals quite
clearly that large number of microorganisms are casually related
to deterioration, and the converse is likewise time.
T-\BLE 13.
Sugars Ranked .Vccording to Greatest Loss in Polarization
During Normal Storage.
Rank Mark
Part
of
Bag
Ave Loss
in Pol.
per Bag
RarJi Mark
Part
of
Bag
Ave. Loss
in PoL
t>er Bag
1
2
3
4
5
6
7
8
9
10
Am.
F.
Cun
Agr.
M.
Ag.
FiL
O.
Part
Cab
Mid.
Mid.
Mid.
^m.
Mid-
Mid.
Mid.
Mid-
Mid.
Mid.
1 . o 1
0.9 2
0.7 3
0.6 ;i 4
0.5 ]i 5
0.4 H 6
0.3 1 7
0.2 1 8
0.2 i 9
j 0 ?i 10
.\m.M
Cun
Ag.
F.
O.
Pil-
Agr.
Port
Cab
1
Surf.
Surf.
Surf.
Surf.
Surf.
Surf.
Surf.
Surf.
Surf.
Surf.
6.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
In Table 13 the sugars analyzed have been ranked according
to deterioration as based upon the greatest loss of polarization
during normal storage. In compiling these data the analyses for
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all tile bags of each mark were averaged. It is evident that the
deterioration in tlie first six sugars mentioned was appreciable,
the Am. sugar being considerably more deteriorated than any
others. This sugar came by railroad, as did the 0 and Pil sugars,
consequently it would be difficult to regard this as the sole limit-
ing factor. Since the former had a higher moisture ratio and
considerably more microorganisms per gm., it is natural to sup-
pose that it would deteriorate more rapidly under any environ-
mental conditions.
It is interesting to note further in Table 13 that in the major-
ity of cases the rank of sugars with regard to deterioration is the
same for the middle of the bag and for the surface. For example,
the Am. sugar shows greatest deterioration both in middle and
surface, while the Port and Cab sugars show least in both cases.
It has been shown that it is possible to predict the keeping
quality of a sugar (from the standpoint of mold infection) by
the simultaneous consideration of moisture ratio and number
of organisms per gm."^ Evidence for a prediction based on the
number of bacteria was likewise advanced. In Table 7 the plus
and minus signs next to the columns labelled ''Moisture Ratio"
and ''No. of Mic. per gm." represent the prediction of deterio-
ration based upon these factors considered independently. In
this case we have taken the critical moisture ratio as .30 and the
number of bacteria per gm. as 200, which are required to produce
deterioration as shown in Table 14 in four weeks at this temper-
ature and humidity of incubation. Where these conditions were
higher, as in the experiment of 1919, then less than half this
number of microorganisms will produce similar effects. If atten-
tion is focused upon the moisture ratio it will be seen that the
factor of safety as worked out by previous investigators holds
true to a limited extent. In other w^ords, where the moisture
ratio is above .30-.33 deterioration generally sets in, while sugars
wdth lower moisture ratios generally resist deterioration. How-
ever, there are any number of instances where this factor of
safety fails to function as an adequate criterion and we may
turn with some confidence to the number of microorganisms per
gm. as a true index of deterioration. In fact, a careful analysis
of the data presented in Tahle 7 shows that as a criterion for
predicting deterioration the moisture ratio or factor of safety
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proved to be in agreement with the analysis in 57 instances and
failed in 86 instances; in other words, was only 40 per cent
effective. On the other hand, using the number of microorgan-
isms per gm. as an index of deterioration, resulted in 96 success-
ful predictions and 47 failures, or an efficiency of 67 per cent,
which is 27 per cent better than the factor of safety. In the 65
pases where the moisture ratio is in agreement with number of
microorganisms for the theoretical prediction of deterioration,
there was practical confirmation in the majority of instances.
It will be seen from Table 14, where there has been graph-
ically illustrated the correlation between moisture ratio and num-
ber of microorganisms per gm., that, while such a relationship is
of necessity dependent upon the environmental conditions at
hand and it is hazardous in consequence to derive any didactic
conclusions, nevertheless certain generalizations appear sigmti-
cant. For example, with more than 50,000 microorganisms per
gm. in practically all instances there was deterioration at every
moisture ratio employed. As the number of microorganisms is
increased beyond this point it is almost certain that deterioration
will occur at any moisture ratio generally occurring in Cuban
raw sugar. As the number of organisms per gm. is decreased
down to about 500 we have evidence of less deterioration at
moisture ratios below .36. However, where the moisture ratio
remains above .36 deterioration is effected by more than this
number. On the other hand, even where the moisture ratio is
reduced below .30, which is considered the critical point, there
lis ample evidence to indicate that deterioration may be induced
by more than 200 microorganisms per gm. This corroborates
the conclusions arrived at in the investigations previously re-
ferred to (6 and 7) and emphasizes again the necessity for re-
ducing the mass infection in sugar. Thus, on the basis of polar-
ization, moisture content, and bacteriological analysis, it is pos-
sible to predict the keeping quality of sugar and thereby intro-
duce considerable economy by immediately disposing of those
'Sugars which will deteriorate rapidly and storing only those
proven to be capable of storage without serious loss. As a matter
of actual manufacture, it should not be difficult to control the
microorganisms to such an extent as to inhibit their detrimental
activities. In this connection it may be stated that recent experi-
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iments have enabled us to develop a method for eliminating the
microorganisms in sugar—namely, by the use of superheated
(Bteam in the centrifugal, which decimates over 90 per cent of the
microorganisms, as shown in Part I.
It is therefore evident that sugar deterioration depends upon
the two factors of moisture ratio and number of microorganisms
per gm. Further, that if the latter is sufficiently reduced, as can
be effected in the method described elsewhere, and the former
properly controlled, sugar deterioration may be satisfactorily
prevented.
SUMMARY.
1. From the results presented a correlation has been established
between deterioration and the number of microorganisms,
together with the moisture ratio. This makes it possible, as
previously stated, to predict the keeping quality of sugar by
a preliminary bacteriological and chemical analysis.
2. From 3 to 6 bags Cuban raw sugars each of 10 different
marks, with moisture ratios varying from .18 to .50, were
stored under normal conditions in a large warehouse and
analyzed chemically and bacteriologically at the beginning
and after 4 and 8 weeks respectively. There was a loss in
polarization in most of the sugars at the end of each period,
which was generally accompanied by a gain in reducing
sugars and moisture content.
3. There was a decided increase in the number of microorgan-
isms per gm., especially during the first four weeks, which
could be correlated, within certain limitations, with dete-
rioration. In general there were more microorganisms in the
middle of the bag than at the surface. A large initial infec-
tion or rapid multiplication of microorganisms was respon-
sible for an increase in deterioration.
4. It has been shown that the use of superheated steam in the
centrifugal will reduce the number of microorganisms more
than 90 per cent and consequently may eliminate deterioration
if the moisture ratio, etc., are likewise properly controlled.
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PART IV
THE FORMATION OF THE GUM, LEVAN, BY MOLD
SPORES*.
IDENTIFICATION AND QUANTITATIVE
DETERMINATION.
As has been stated, the formation of the gum, levan, during
the bacterial decomposition of sugar has been noted by Greig-
Smith and Steel* and Owen\ The former and Taggart^^ agree
in the identification of chemical and physical properties of this
bacterial gum called levan. In a consideration of the micro-
biological agencies responsible for sugar deterioration we have
found that molds are by far the most dangerous single group of
microorganisms normally occurring in sugars of all descriptions.*^
However, in establishing the fact that mold spores contain
enzymes and can therefore cause the inversion of sucrose without
germination or growth, it is also noteworthy to observe that mold
spores contain an enzyme which can produce gum in sterile
sugar solutions^ of 10 and 20 per cent concentration. In order
to identify this gum the following procedure was employed,
IDENTIFICATION OF LEVAN.
A pure pedigree culture of Aspergillus Sydoivi Bainier was
used to seed a large number of Petri dishes containing Kopeloff \s
<agar.^ After the spores had developed in profusion they were
floated off the plates with sterile distilled water on to a sterile
filter paper (Whatman No. 4) and washed thoroughly (about
100 cc. sterile distilled water per plate being used). The mold
spores were washed into a sterile flask, 10 per cent of chloroform
added and the suspension heated to 62.5 °C. for one hour. The
suspension was thoroughly ground with sterile sand and then
added to 500 cc. portions of sterile 10 per cent sugar solution
and incubated at 40'' C. for ten days. The solutions were shaken
frequently and found to be sterile on plating out at the end of
this period. Ten cc. "of the sugar solution from control flasks
uninoculated, when made up to 50 cc. volume, gave a single
polarization of 13.2°V., while 10 cc. of the gum solution similarly
diluted with alcohol gave a single polarization of 5.3.
*Read at the St. Louis meeting of the Sugar Division of the Ameri-
can Chemical Society April, 1920.
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The supernatant giim solution was then siphoned from
each
flask without disturbing the spore residue, which was discarded.
Five Yolumes of 95 per cent ethyl alcohol were added to the gum
solution, which had been made alkaline with NaOH, the solutions
being shaken thoroughly at frequent intervals and permitted to
stand overnight at room temperature. The alcoholic super-
natant liquid was removed and the precipitated gum thoroughly
washed with successive portions of alcohol. The precipitate was
then dissolved in the least possible amount of cold sterile distilled
water and shaken thoroughly in a shaking machine for four hours.
Aeain the gum was precipitated by alcohol in the manner de-
scribed above and the process repeated several times until a
white flocculent precipitate was obtained. This was partially
dried on filter paper and finally transferred to an unglazed
porcelain plate, where it remained for 18 hours at 20° C. The dry
gum was then powdered and used for the following determina-
tions.
The specific rotation of this gum was about —40 when using
a .25 per cent solution, as may be seen in Table 15.
TABLE 15.
Chemical Composition of Levan Produced by Mold Spores.
Moisture Ash Hydrolysis Melting Point
-40.9
.
0.17 0.16 -87.3-90.0 200 =C.
The moisture content was 0.17 per cent and ash 0.16 per cent.
After hydrolysis with concentrated hydrochloric acid, the specific
rotation was about —ST to —90. which coincides with the results
obtained by Greig-Smith* and Taggart^^ and indicates that the
gum hydrolyzes quantitatively into le^nilose. The melting point
was not sharply defined, but occurred at about 200°C., when the
gum coalesced and puffed, rising shaiT)ly in the capillaiy tube.
The dry gum is light yellowish-gray, giving a blue-gray
opaque solution with water. It does not separate from semi-
solution when allowed to stand for periods of time, or when
centrifuged. The effects of various reagents are included in
Table 16.
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TABLE 16.
Treatment
Effect of Reagents on Levan.
^ . , ,. . , ResultOxidation with concentrated nitric acid, boiling Oxalic acid
^^'^^^'^^
Soluble
Hot water solution after cooling Mucilaginous.
Prolonged heating 100°
, Unchanged.
Acid hydrolysis,
Levulose.
Baryta,
-o ^Precipitate.
Lime water, t-t ^No precipitate.
Milk of lime, •
^Precipitate.
Strontia, ^ . . ^Precipitate.
Lead subacetate
Precipitate.
Ammonium lead acetate,
Precipitate.
Litharge cold, Not dissolved.
Fehling's solution Not reduced.
Ammoniacal mercuric nitrate,
reduced.
^^^i"^' No blue.
Cuprammonium, Dissolves (does not
Copper Sulfate,
^^a^^''"'""-^
Ferric chloride, No precipitate.
T^^^^^^^^^^' No precipitate
Acid nitrate mercuric, No precipitate.
With two exceptions—namely, precipitation by copper sulfate
and lead subacetate, which is probably due to some impurities in
the small amount of ash—these results coincide with the same
data presented by Greig-Smith and SteeP and Taggart^^, and
we are therefore led to conclude that the gum under consider-
lation which is formed by the enzymes in mold spores is none
other than levan.
Previously we have noted the formation of levan in sugar
isolutions of varying concentration^ and the data in Table 17
are further corroborative of the fact that the enzymes in mold
spores causing inversion and levan production are active in high-
ly concentrated sugar solutions, as, for example, 55 per cent in
this instance.
TABLE 17.
The Formation of Levan in 55 Per Cent Sugar Solutions.
Inoculum
Check
Mold spores.
S. P. R. S. %
55.1 2.29
51.7 4.63
Gum %
1.54
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(All data in this and succeeding tables represent the
average
v
of closely agreeing triplicate determinations,
unless otherwise
stated.
)
THE DETERMINATION OF THE TRUE SUCROSE
IN THE PRESENCE OF GUM.
It has been a matter of universal experience that the
presence
of a gum such as levan makes the polarization of a sugar
solution
very difficult and, furthermore, renders both single
polarization
and Clerget liable to errors of considerable magnitude, the
former
generally giving a lower value and the latter a higher value
than
that of the sucrose actually present. In making single
polariza-
tions of sugar solutions where levan is present it has
been our
custom, wherever necessary, to remove the levan hy
precipitation
with alcohol. However, even this method fails to give the
true
content of sucrose, and therefore it was necessary to develop some
more adequate means of making this determination, the details of
which follow.
.
Since the Clerget method involves a minus reading and is
basel on the use of hydrochloric acid, which has been shown to
hydrolyze the gum to levulose, it will readily be seen that the
readi-ig will be still further magnified in a negative direction.
Therefore, it was necessary to employ a method which would not
affect the gum, but woidd give the true sucrose content. The
invcrtase method of Hudson^ was found to fulfill these require-
ment-3.* A strong invertase solution was prepared by breaking
up five pounds of Fleischmann 's yeast in a mortar, placing it in
a wide-mouthed 10 L. bottle with ground glass stopper, adding
125 cc. of c. p. toluene (which is slightly more than the amount
recommended by Hudson, while also omitting the addition of
water) , and keeping it at 20°C. On each day following a portion
of the liquefied mass was filtered and 5 cc. of the extract added
to 95cc. of a 10 per cent sugar solution. Two drops of glacial
acetic acid were added to both the check flask containing 100 cc
of the sugar solution and the treated solution and held at 30° C.
(Both the check flask and that containing 95 cc. of sugar solution,
as weU as the yeast extract, were held at 30°C. for 10-15 minutes
until the contents attained the constant temperature before addi-
*This procedure was suggested by Assistant Director W. G.
Taggart.
to whom we are indebted for continued and invaluable assistance.
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tioii of the yeast contract.) The initial time was noted and
polariscope readings made every minute until one-half of the
sucrose was inverted. The first day following the addition of
toluene to the yeast the extract took 10.5 minutes to reduce the
sucrose content one-half; the second day 6.7 minutes were re-
quired; the third day 5.6 minutes; the fourth day 4.3 minutes,
and the fifth day 4.2 minutes. After the fourth day the bulk
of yeast was placed on a large filter paper and the filtrate caught
in a sterile flask containing 25 cc. toluene. By permitting the
filtrate to drip into the toluene and keeping the mouth of the
receiving flask filled with cotton, the most favorable conditions of
sepsis were obtained. Neutral lead acetate was added to the
filtrate in a quantity sufficient to insure complete precipitation,
and the solution centrifuged and decanted. This was again tested
with neutral lead acetate and centrifuged in sterile tubes, the
procedure being repeated until no precipitate was formed.
'
The
very slight excess of neutral lead acetate was removed in a
similar manner by the addition of i^otassium oxalate 2N, cen-
trifuging and decanting. The solution was covered with a'layer
of toluene and then dialyzed in a fish-skin membrane against
running tap water for two days, and finally centrifuged and de-
canted. The invertase solution thus prepared was covered with
a layer of toluene and kept in a sterile ground glass stoppered
bottle in the refrigerator. It was active enough to completely
invert a 10 per cent sugar solution in less than 20 hours at room
temperature. In order to compare the efficiency of the invertase
solution thus prepared with the Clerget method of hydrochloric
acid inversion, several samples of standard granulated (refined)
sugar cane syrup and 10 per cent sugar solutions were used, the
latter with and without the addition of levan. Normal weights
(26 gm.) of the materials under consideration were weighed out
and made up to 100 cc. For the Clerget determinations 25 cc.
of distilled water were added to 50 cc. of solution in a 100 cc.
flask, 25 cc. water added, 5 cc. concentrated hydrochloric acid,
the solution heated to 67-69°C. in three minutes and held at 69°C.'
for an additional seven minutes, then cooled in an ice bath to a
temperature several degrees below that of the room, made up to
the mark and polarized at the same temperature as the solutions
for single polarization. For the invertase method 5 cc. of in-
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vertase were added to 50 cc. of solution made very slightly acid
with 10 per cent acetic acid, distilled water added up to the mark,
1 cc. of toluene added and the flasks covered with a watch crystal
and incubated at room temperature for 22 hours.
TABLE 18.
Comparison of Clerget and Invertase Methods.
1
Solutions
j
Clerget
% Sucrose
Invertase
% Sucrose
Gum
/o
10.66
10.59
10.59
43.47
11.26
11.00
10.89
10.67
10.51
1 5% Levan in 10% Sugar Solution 1
. 59 % Levan in 10% Sugar Solution |
.33% Levan in 10% Sugar Solution]
10.53
43.20
10.17
10.58
10.57
1.38
.53
.40
It will be seen from the data in Table 18 that 'the results ob-
tained for refined sugar by the Invertase and Clerget methods
^agreeing very closely within the limits of experimental error.
'Only the averages of closely agreeing duplicate determinations
being recorded. As might be expected, there is a slight discrep-
ancy in the case of cane syrup. This experiment was repeated
with similar results.
THE POLARISCOPIC DETER.MTNATION OF LEVAN.
It is of special interest to note that in addition to applying
the invertase method to the determination of sucrose where gum
is present, we have here likewise developed a method for the
determination of the amount of gum present. In other words,
we have two equations, the one for Clerget or acid inversion,
the other for invertase, the difference representing the trans-
formation of gum to levulose. Thus for acid and invertase inver-
sion the following graphic representation may be made of the
polarscopic value of a sugar solution containing gum as follow^s,
where S=sucrose, D=dextrose, L=levulose, G=gum:
(a) Acid Inversion — X
Before inversion. . . L + C S -]-
After inversion L + G as L + 1/28 to I^ 1/28 to D + D
(b) Invertase inversion — +
Before inversion. . . L+G S+D
After inversion. . . .L + G + 1/28 to L VgS to D + D
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Therefore a — b = G to L. Since we know that the specific
rotation of levan is —40 and that of d—fructose is —92.5, then
the differences caused by hydrolysis of the levan is —52.5. Since
the specific rotation of sucrose is + 66.5, for every per cent of
gum in the solution, we have a change in rotation as follows:
66.5
= 1.27.
52.5
Now the difference in sucrose (as: may be seen in Table 18;
determined by the Clerget and Invertase methods for 1.5 per
cent levan in a sugar solution is 11.26 — 10.17, or 1.09. There-
fore the per cent of gum present is 1.07 X 1.09, or 1.38. This is
only 0.12 below the theoretical recovery. Similar results were
found where smaller amounts of gum were present.
Thus an adequate method has beoii established for the quan-
titative determination of gum, but one which is more reliable
for larger rather than smaller amounts of gum in sucrose solu-
tion.
SUMMAEY.
1. Mold spores (Aspergillus Sydowi Bainier) contain an enzyme
capable of forming gum in sucrose solutions of all concentra-
tions up to the saturation point.
2. The specific rotation of the pure gum was found to be —40,
and the melting point about 200°C. Upon hydrolysis levulose
was formed.
3. This gum is levan, since its chemical and physical properties
are identical with those described in the bacterial decomposi-
tion of sucrose.
4. The invertase method has been successfully applied in the
determination of true sucrose in the presence of gum.
5. Levan may be quantitatively determined polaris,copically by
using a combination of the Clerget and Invertase methods.
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PART V
THE FOKMATIOX OF THE GUM, LEYAX, BY MOLD
SPORES. MODE OF FORMATION AND
INFLUENCE OF REACTION.
Yarious aspects of sugar deterioration have been considered,
but there are few which, are more interesting than the problem
of the formation of gum from sugar. This is of practical impor-
tance because of its interference with the accurate determination
of sucrose, as well as the actual loss in sucrose which the forma-
tion of gum represents. The organisms which are capable of
producing gum from sucrose have already been described. Yliile
previous investigators have been chiefly concerned with the bac-
teria responsible. Ave have considered the molds more particularly.
In the preceding part dealing with this phenomenon we have
discussed the identification and quantitative deteimination of
levan. Perhaps the most baffling problem involving the presence
of levan in sugar solutions is that concerned with its mode of
formation. In an endeavor to throw some light upon this ques-
tion the following experiments were conducted. Fifty cc. of
sucrose solutions of varying concentration with and without the
addition of c. p. dextrose and le^n.ilose were inoculated with 10 cc.
mold spores with and without the addition of 2 cc. invertase (the
latter used to- furnish an abundant supply of nascent dextrose
and levulose). Sterile distilled water was added to the checks,
etc.. in such a way as to have all the solutions of equal volume.
The flasks after one week's incubation at 45° C. were analyzed
for acidity, sucrose by single polarization, reducing sugars (vol-
umetric) and gum by precipitation with alcohol in alkaline solu-
tion, and weighing upon tared filter papers.
TABLE 19.
The Formation of Levan by Mold Spores in Sugar Solutions
of Varying Concentrations.
Inoculum
i
i
s. p.
1
!
1 R. S.
I
1
Gum
1 Acidity
takes
' 5 cc.
;
N 10 Alk.
Check i 7.5
i 6.5
1
-2.8
. . . ;
-1.1
1 1.26
! 1.47
i 10.00
10.00
0
.19
0
.06
'
.02
.02
'
.10
.09
48
Check 1 2.4 5.00
5.88
9.52
8.69
.07
.07
.19
16
Mold Spores 2.7
0
.13Invertase
-2.5
Spores and Invertase.
. .
-1.0
0
.04
*c
Check
-1.6
-1.7
-2.3
8.33
8.69
0 .13
.13
.30
.16
Mold Spores
Invertase 8.69
.08
0
.04Spores and Invertase -1.1 7.57
Check
-2.0
-2.1
-2.0
-0.6
8.69
8.69
0
.12
0
.11
.17
.20
Mold Spores
Invertase 8.69
7.81Spores and Invertase. . . .
0
.14
*A—10 per cent Sucrose.
*B— 5 per cent Sucrose +2.5% each Dextrose and Levulose.
*C— 1 per cent Sucrose +4.5% each Dextrose and Levulose.
• D
— 5 per cent Dextrose and 5 per cent Levulose.
TABLE 20.
The Formation of Levan by Mold Spores in Sugar Solutions
of Varying Concentrations.
^Negligible amounts.
Inoculum S. P. Loss
S. P.
R. S.
%
Gain
R. S.
%
Gum
%
15 cc
Takes
N,/20
Alk.
Ph.
Check 8.0
5.9
-2.2
-0.8
.17
2.14
8.47
8.58
0
.16
0
.08
.:^o
.06
.35
.32
7.1
7.0
5.1
6.7
Mold Spores
Invertase
Spores and Invertase.
2,1
10.2
8.8
1.97
8.30
8.41
B
Check 2.4
1.8
-0.5
0.6
4
. 43
5.77
8.33
7.69
0
.08 •
.28
.42
.45
.34
4.7
6.7
4.9
6.5
Mold Spores
Invertase
Spores and Invertase.
0.6
2.9
1.8
1,34
3.90
3.26
C
Check
-0.9
-0.2
-1.6
-0.5
7.32
7.51
8.33
7.69
!
0
0
.40
.62
.30
.48
4.6
6.2
6.2
6.3
Mold Spores
Invertase
vSpores and Invertase.
0.7
0.4
0.19
1.01
0.37
1
0 .70 4.7
*
.64 6.1
0 .70 5.0
01 .61 6.2
TABLE 21.
Tlie Formation of Levan by Mold Spores in Sugar Solutions
of Varying Concentrations.
1% Sucrose + 4.5%- Dextrose + 4.5%, Levulose 5% Dextrose + 5% Levulose
Inoculum S. P.
Loss
S. P.
R. S.
1
Gum
/o 1 .0 S. P.
Loss
S. P.
R. S.
%
Gum
%
Check
-1.4 8.69
1 0 -2.0 8.96 0
Mold Spores -0.3
-0.5
-1.1 8.82
1
.07 -0.5 -1.5 9.09 .06
Spores and Invertase
-0.9 8.89
1
.06 -0.5 -1.5 8.96 .06
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While there is considerable variation in the results presented
in Tables 19-21, nevertheless certain generalizations may be made.
In the first place, it may be seen in Table 19, where there were
present 34,000 spores per solution, that there is a direct relation
between the amount of sucrose present and the quantity of levan
formed, i. e., the largest amount of gum where mold spores are
present is .19 per cent in 10 per cent sucrose alone. In 5 per
cent sucrose the gum drops to .13 per cent and in 1 per cent
sucrose the gum is only .08 per cent. Similarly in Table 20,
where there were 47,000 spores per cc. of solution, the more
sucrose present the greater is the gum formation. This is in
agreement with OwenV conclusions based on the formation of
levan by bacteria. The increase in reducing sugars (dextrose and
levulose, both c. p.) bears an inverse relation to the gum forma-
tion when only spores are present. On the other hand, where
invertase has been added to the spores, the largest levan produc-
tion occurs where there is a greater supply of reducing sugars.
This may simply be a corollary to the fact that the greatest
amount of reducing sugars occurs where the sucrose content is
highest. In this connection it might be well to consider the dif-
ferences in acidity as measured in terms of N/10 NaOH and in
the later tables in Ph. While, as a rule, there is an increase in
acidity where invertase has been added to mold spores, this does
not appear to be of sufficient magnitude to account for the differ-
ences obtained. It will be obsei-ved that when the polarizations of
sugar solutions inoculated with invertase and mold spores are
compared with invertase alone, almost invariably the latter is
higher than the former, and this despite the fact that an inocula-
tion of mold spores causes a reduction in polarization when
compared with the checks 'because some of the nascent reducing
sugars from sucrose are used in gum formation. An explana-
tion may be found in the fact that the true acidity of the solu-
tions containing invertase is greater than where mold spores
have been added, and similarly the true acidity of the check
solutions was generally higher than where mold spores had been
added. This was obscured in the method of titrating 15 cc. of
the solution with N/10 NaOH, using phenolphthalein as an indi-
cator, for in such cases the apparent acidity indicated was greater
in the case of an inoculation with mold spores than in the checks.
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However, by adopting the methods and procedure outlined by
Clark and Lubs^ in their notable application of physical chem-
istry to bacteriology, it was found that the Ph values obtained
made certain important facts evident—namely, that the Ph values
of the mold spore inoculation indicated the presence of less true
acidity than was to be found in the checks, consequently it is to
be expected that the presence of mold spores would tend to reduce
the acidity present where invertase was used. This condition
also accounts for the fact that in the solutions containing invert-
ase and mold spores there was less gum formed than where mold
spores alone were used, and gum formation is best aided by the
absence of acidity. It would be of interest in this connection to
compare spore suspensions of many fungi with a view to ascer-
taining the Ph values, and this study will be carried out in the
near future.
It will be seen from the Tables 19-21 that in the absence of
sucrose in solutions containing 5 per cent each of c. p. dextrose
and levulose that there has been as much gum formed as in solu-
tions containing 1 per cent of sucrose and 4.5 per cent each of
dextrose and levulose. These data contradict those of previous
investigators in that no formation of gum has heretofore been
recorded where c. p. dextrose and levulose have been used with-
out the addition of sucrose. In order to test these Merck chem-
icals for the presence of sucrose, normal weights of a 10 per cent
solution were taken for single polarization and Clerget at room
temperature (25-30° C.) for 20 hours. The solutions were
brought to neutrality with strong NaOH and acidified with two
drops of 10 per cent acetic acid before making up to the mark.
The results obtained proved that these sugars were entirely free
from sucrose which might influence gum formation. Such evi-
dence would seem to indicate that the formation of gum from
sucrose requires the intermediate formation of reducing sugars,
whether in the nascent state or otherwise. A further discussion
of this conclusion will be considered in the experiments which fol-
low concerning the reaction of the medium.
THE INFLUENCE OF REACTION ON THE
FORMATION OF GUM.
In order to approach the study of the formation of levan from
still another angle, sucrose solutions with and without the addi-
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tion of invertase were treated with varying amounts of alkali.
Since an excess of hydroxyl ions will prevent the enzyme invertase
from being active, it was hoped that a point of alkalinity might
be obtained where the invertase would be inactivated, but the
levanase perhaps function in the fovmation of gum, so that the
fact could be established whether or not sterile N/10 NaOH was
first added at the rate of 2, 3, and 4 cc. to 50 cc. of 10 per cent
.sugar solution, untreated, inoculated with mold spores plus 2 cc.
'invertase.
TABLE 22.
The Formation of Levan by MolJ Spores in Sugar Solutions
Receiving Alkali.
Inoculum
1
5 cc Solu-
1
Addition 2 cc. N/10 NaOH
tion takes |
N/10
1
Alk. cc.
!
1-
s. P.
!
1
R. S.
i
% 1
Gum
%
02
1
6.4 ! 1.49 0
1-
.02 1
1-
.5.9 1.92 .08
-.05
!
-0.5 8.33
.
.09
I:
Addition 3 cc. N/10 Alk.
.01
1
6.4 1.09 0
.01 1 6.0 1.79 .09
!
.03 I- 4.5 3.03 .22
1 Addition 4 cc. N/10 Alk.
1 1
1 02 i
i
:
1
6.i 1.11
1
!
5.3 1.12 ' .07
I
.03
1
4.4 3.23 ! ,19
The results of one week's incubation at 43° C. are presented
in Table 22, from which it appears evident that with 2 cc. of
N/10 alkali there is practically no difference in the per cent of
gum formed whether invertase is present or absent, while with
3 cc. of alkali there is a marked increase in gum formation in
the presence of invertase. A further increase in alkalinity
—
namely, 4 cc.
—
gives similar results in lesser amount. These data
indicate that the reaction of the medium is a limiting factor in
the formation of levan from sucrose by mold spores, in so far as
it influences invertase activity. It is quite evident that this
activity is extremely sensitive to slight changes in reaction and
becomes inhibited by any appreciable concentration of acidity
or alkalinitj^
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The use of invertase in the above solutions was to insure an
adequate source of nascent dextrose and levulose by the means
of an agent which would not otherwise affect the biological
processes involved. Naturally, there was always present an ade-
quate supply of reducing sugars. Since the maximum gum for-
mation occurs in the presence of invertase (with S cc. of alkali)
and whiere there is actually a smaller amount of reducing sugars
formed, it is apparent that the most favorable source of gum
formation is the nascent dextrose and levulose formed from
sucrose by invertase.
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In Table 23 similar data are presented employing a wider
range of alkalinity varying from 0.3 to 2.0 cc. of normal NaOH
per 50 cc. of 10 per cent sucrose solution. While these results
are quite variable, due to a light inoculation of 24,000 spores
per cc. of solution, nevertheless there again seems to be evidence
to the effect that gum formation goes forward most favorably in
the presence of invertase which is responsible for the presence
of nascent dextrose and levulose. However, several of these
solutions were contaminated with bacteria, which were probably
responsible for some increase in gum formation. A point of
considerable interest in this experiment is that thft, Ph values of
the solutions containing mold spores were higher than the check
flasks, showing again that the reaction of that inoculum tends
to make the reaction of one medium more alkaline, while the
addition of invertase invariably increases the acidity. It will
be observed that the maximum gum formation occurred with
the addition of 5 cc. of N/10 alkali or at a Ph value of 7.1, which
is practically true neutrality (7.0 representing neutrality). Thus
\we are led to believe that the maximum gum formation occurs
where nascent dextrose and levulose are available and the re-
action of the medium is practically neutral.
TABLE 24.
Effect of Alkalinity on Formation of Levan by Mold Spores.
cc.
Normal
Check
....
Mold Spores Spores and Invertase
Alk. S. P. R. S.
t
Gum S. P. R. S. Gum S. P. R. S. Gum% % % % % %
0.6 9.0 .22 0 8.5 .12 .10 6.5 2.67 .302.4 8 7 .14 0 8.8 .20 .04 8.7 .23 .09
3.6 8.5 .20 0 8.7 .15 .04 8.6 .14 .016.0 8.1 .13 0 8.4 .06 0 8.2 .07 0
The influence of marked changes in alkalinity of the medium
is shown in Table 24, where there were 108,000 spores per cc. of
isolution where from 0.6 to 6.0 cc. of normal NaOH have been
kadded to 70 cc. of 10 per cent sucrose solution. Here again the
maximum gum formation occurs in the presence of nascent dex-
trose and levulose (invertase added) where the reaction is nearly
neutral. In fact, three times as much gum is formed as where
I
invertase has not been added. An increase in alkalinity ca,uses
lan inhibition in invertase activity (as seen by the amount of
reducing sugars present), and also a reduction in gum formation.
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At the greatest concentration of alkalinity there were present
sufficient hydroxyl ions to entirely stop invertase activity which
is paralleled by the absence of gum formation, thus indicating
the causal relationship previously referred to.
These experiments were repeated twice again, the results con-
firming those set forth above, but it is superfluous to include these
data at this point.
In the light of the foregoing experimentation we are able to
arrive at a satisfactory explanation of the phenomenon of gum
formation in sterile sugar solutions inoculated with certain micro-
organisms. Namely, the formation of gum from sucrose depends
upon the inversion of the latter. The most favorable conditions
are those where nascent dextrose and levulose are present in
abundance when the reaction is optimum or practically neutral
(in terms of hydrogen ion concentration). "We have arrived
through somewhat different considerations to the same conclusion,
in this respect, as that enunciated by Greig-Smith. There is,
moreover, good reason to believe that nascent levulose is even a
more favorable source for gum formation than nascent dextrose
and that the reaction between levan and levulose (which is
formed by hydrolysis) may be, to some extent, a reversible one.
The basis for this hypothesis may be found in an examination of
Table 21, where it is seen that there is an increase in polarization
where nascent dextrose and levulose are being used as a source
of gum formation, for the polarization of the controls is —2.0,
while that of spores and invertase is only 0.5, indicating that
more levulose than dextrose has been utilized. It follows that as
a secondary source of supply an increase in sucrose involves an
increase of nascent dextrose and levulose, consequently it is justi-
fiable to state that gum formation likewise depends on sucrose.
Furthermore, it is of interest to note that we have evidence to
show that in the absence of sucrose or nascent dextrose and
levulose, gum may be formed in small amounts from solutions
"containing c. p. dextrose and le\nilose present in equal quantities.
The above facts in no way conflict with the theoretical con-
siderations governing the transformations which carbohydrates
may undergo.
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SUMMARY.
1. Levan is formed by levanase from mold spores most readily
from nascent dextrose and levulose (obtained by the action of
invertase on sucrose). There is evidence that nascent levu-
lose is used to a greater extent than nascent dt^xtrose in the
formation of levan. In the absence of sucrose and nascent
reducing sugars, slight gum formation was obtained with
c. p. reducing sugars.
2. Levan is not formed directly from sucrose, but may be formed
when the latter undergoes inversion.
3. Appreciable concentrations of acidity or alkalinity inhibit
the activity of levanase. The optimum reaction appears to
be about Ph 7.0.
PART VI
PRACTICAL DEDUCTIONS.
In arriving at any practical deductions based upon the fore-
going investigations it is necessary to consider conditions as they
exist in the average sugar mill and warehouse. Since mass in-
fection results from air, water, soil, etc., laden with microorgan-
isms, it is obvious that proper control will do much towards a
reduction in numbers. Reference has been made to the fact that
the massecuite is sterile when it leaves the vacuum pan. There-
fore it is only necessary to employ safeguards from this point
onward. We have recommended therefore that the conveyors
for the massecuite be covered with a tarpaulin to prevent the
entrance of foreign matter and large numbers of microorganisms.
Following this, the most sanitary measures are desirable in and
around the centrifugal. The wash water if used should be chem-
ically treated for rendering it more sterile. The floor should be
kept clean and disinfected frequently. The centrifugals should
be covered, preferably, and located in a space walled off from,
the remainder of the mill. The use of superheated steam in
the centrifugals instead of water for washing the sugar should
be an important adjunct in obtaining sugars with a low content
of microorganisms. Finally, a cool, well-ventilated warehouse
is a prerequisite in inhibiting the deteriorative process.
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It is common knoAvledge that the moisture ratio of sugars
must
be low to insure safekeeping, but similarly it is imperative
to
reduce the number of microorganisms. Finally, it is a matter of
considerable economic moment to be able to predict the keeping
quality of sugar so that it may be handled properly. This may be
done by a determination of polarization moisture and micro-
organic content.
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SUMMARY.
1. By the use of superheated steam in centrifugals it has been
possible to reduce the number of microorganisms over 90 per
cent, thereby eliminating one of the most important factors
in sugar and molasses deterioration. This method is simple,
economical and efficient.
2. A survey has been made of the deterioration of a large variety
of Cuban raw sugars during normal storage. The results
show that the number of microorganisms together with mois-
ture ratio (or factor of safety) are the determining factors
in sugar deterioration.
3. It was possible to predict from the above data whether or
not deterioration would take place, thereby preventing serious
losses.
4. Mold spores contain an enzyme capable of forming gum in
sucrose solutions of all concentrations up to the saturation
point.
5. The gum formed is levan, as indicated by its physical and
chemical properties, having a specific rotation of —40°, a
melting point of 200° C, and forming levulose on hydrolysis.
6. The Invertase method has been successfully applied in the
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determination of true sucrose in the presence of g:um. Tiie
may be quantitatively determined polariscopically by
combining the Clerget and Invertase methods.
7. Levan is formed from nascent levulose and dextrose (obtained
by the inversion of sucrose). There is evidence that the
former is used to a greater extent in gum formation. In the
absence of sucrose and nascent reducing sugars, slight gum
formation was obtained with c. p. reducing sugars. Levan
is not formed directly from sucrose but may be formed when
the latter undergoes inversion.
8. Appreciable concentrations of acidity or alkalinity inhibit the
activity of levanase, the optimum reaction being about Ph 7.0.
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